To understand the contribution of gut microflora to the feeding and health of Mugil cephalus in a Mediterranean estuary, we have explored and evaluated the diversity of rRNA genes in gut contents of both of adults and fingerlings. Bulk DNAs were extracted from the fish guts, followed by PCR, cloning and sequencing of eukaryote 18S rRNA gene; bacterial and archaeal 16S rRNA genes. Rarefaction analyses recorded 11, 18 and 13 phylotype groups of rRNA genes for eukaryotes, bacteria and archaea, respectively, in the adult guts. The fingerling guts contained 6 and 11 phylotype groups of rRNA genes for eukartyotes and bacteria, respectively, while lacked archaea. Adult and fingerling guts were dominated by zooplankton-like 18S rRNA gene phylotypes, belonging to those of rotifers, genus Brachionus and copepods, genus Apocyclops. Both of diatoms, genus Cyclotella-and fish-like rRNA gene phylotypes were recorded only in adult guts. Phylotypes, which belonged to uncultured proteobacteria and cyanobacteria, covered most of the bacterial 16S rRNA gene composition of adult guts. Bacteroidetes-like phylotypes characterized the fingerling guts. The study showed the first record of uncultured thaumarchaeote-like 16S rRNA genes in the fish guts, opening a window for exploring thaumarchaeote biological significances in fish metabolism. The fish guts represented a reservoir for geographic distant species and reflected the plankton ecosystem variability at the studied estuary. The pollution in the estuary could shape a fraction of the fish gut microbiota. To our knowledge, this work presented the first complete profile of rRNA gene diversities for all known microbiome domains in fish guts. and fingerling stages of M. cephalus in a Mediterranean estuary. The approach of culture-independent PCR / cloning and sequencing, for both of eukaryotic 18S rRNA gene and bacterial and archaeal 16S rRNA genes, was used to construct phylograms for the studied gut microflora.
Introduction
Mullets, family Mugilidae, are catadromous worldwide fishes. They inhabit coastal temperate and tropical waters. The flathead grey mullet, Mugil cephalus, is euryhaline species, meaning that the fish can acclimate to different levels of salinity. Hence, M. cephalus is a mainly diurnal coastal species that often occurs in estuaries and rivers for feeding.
The fish gut microbiota contribute to the nutrition, growth, reproduction, overall population dynamics and vulnerability of the host fish to disease; therefore, this microbial community is highly relevant for aquaculture practice [1] . The composition of the intestinal microbial community is determined in part by fish dietary preferences and fish life stage [2] . For migratory fishes, such as mullet, successful exploitation of variable habitat, such as estuaries, may affect and be affected by the composition of the intestinal microbiome [3] . The microscopic analyses of the gut of adult M. cephalus have revealed the existence of Chlorophyceae, Myxophyceae, Bacillariophyceae, dinoflagellates, copepods and polycheatae worms along with sand and mud [4, 5] . High level of benthic diatoms has been recorded in the gut content of M. cephalus from Tamiahua lagoon, México [6] . Other microflora have been studied in the gut contents of M. cephalus at Kayamkulam estuary, India [7] . The gut contents of M. cephalus juveniles varied, where the Bacillariophyceae and Myxophyceae were prominent [5] . On the other hand, M. barbatus, red mullet, larvae probably depend on energy derived from the microbial food web, via their feeding on cladocera at northwest Mediterranean [8] .
For historical reasons, much of the information available on the intestinal bacteria of fish is based on the use of conventional culturedependent methods. This has consisted of sampling of gut material and spreading gut homogenates on selective or general purpose agar, followed by incubation, colony counting and subsequent identification, typically, by phenotypic / biochemical tests or, during the last decade, 16S rRNA gene sequencing [9] . As is often the case with microbial communities from environmental samples, the gut microbiota of fish has been reported to be of low cultivability, where cultivability using general purpose culture media has been reported to represent < 0.1% of the total microbial community in the gastrointestinal tract of some fish species [10] . A wide range of molecular ecology techniques are available based on the sequence variability of the rRNA genes, and over the last 10-12 years such approaches have become more commonly used to investigate the gut bacteria of fish species. The molecularbased approaches used have depended on the aim of the studies. Clone libraries have been used to identify the uncultured bacterial composition in the fish guts [11] [12] [13] . Thus, molecular methods have provided faster results, novel and high-resolution insights into the structure and diversity of bacterial communities within the digestive tracts of freshwater and marine fishes [14] [15] [16] .
Previous studies have focused on microscopic identification of microbial eukaryotes in fish guts, a method, which lacks accuracy in discrimination of species, due to partial or complete digestion of the ingested prey. On the other hand, the applications of rRNA gene analyses, in studying the diversity of fish gut prokaryotes, have focused on bacteria, leaving a gap for exploring and evaluation of uncultured archaeal communities.
In this study, we provided a complete profile for ssrRNA gene phylotypes of eukaryotes, bacteria and archaea, in the guts of adult M. cephalus, adult and fingerling specimens, 100 individuals from each life stage, were collected between mid of spring and late of autumn, the time of abundance of mullets in the estuary. The adults had an average total length of 32 cm, weight of 1 kg and age of 2-3 years. The sizes of fingerlings were ranged between 10 and 12 mm in total length, and may correspond to ages of 29 to 40 days after hatching.
The adult specimens were dissected, using sterile tools, and whole guts were removed, washed carefully using sterile water and stored in ethanol at 4°C. The fingerlings, whole specimens, were fixed in ethanol and kept at 4°C. The guts were evacuated in TE-buffer, Tris-HCl, 10 mM, EDTA, 1 mM, pH 8.
Molecular analyses
Metagenomic DNAs were extracted from bulk gut contents of each of the collected fish life forms, adult or fingerling, according to [17] , with modifications. The gut contents were lysed in a mixture of 5 M guanidine thiocyanate and 10% of SDS at 70°C for 25 min, with vigorous shake. The DNA was purified from the lysate, using high pure PCR template preparation kit, Catalog no. 11796828001, Roche, Germany. The purified DNA was run on 0.9% agarose gel electrophoresis, followed by staining with ethidium bromide and UV visualization.
PCR amplification of the 18S rRNA gene was done, using the primers, EuK63F, 5'-ACG CTT GTC TCA AAG ATT A-3' and Eukarya-1818R, 5'-ACG GAA ACC TTG TTA CGA-3' [18] . The primers, EuBac-27F, 5'-AGA GTT TGA TCC TGG CTC AG-3' and EuBac-1492R, 5'-GGT TAC CTT GTT ACG ACT T-3' [19] were used to amplify the bacterial 16S rRNA gene from the extracted DNAs. Archaeal 16S rRNA gene was amplified, using the primers, Arch-21F, 5´-TTCCGGTTGATCCYGCCGGA-3´ and Arch-958R, 5´-YCCGGCGTTGAMTCCAATT-3´ [20] . PCR mixture, 50 µl, contained 10X Ex Taq buffer II (Mg 2+ plus), 0.2 µM primer, 400 µM dNTP each, 2.25 U Takara Ex Taq Polymerase (Takara, Japan) and 5-30 ng DNA template. PCR was performed with an initial denaturation step of 3 min at 95°C. The PCR reaction continued with 30 cycles of 1 min at 95°C, 40 sec, desirable annealing temperatures, increasing 0.5°C every 10 cycles, and 1 min extension at 72°C. The 30 thermal cycles were followed by a final extension of 10 min at 72°C, to allow 3′-A overhangs for the amplified PCR product to facilitate TA-cloning.
Cloning was done into TOP10 Escherichia coli, using a TOPO XL PCR-cloning kit, according to the manufacturer's instructions (Catalog no. K4750-20, Invitrogen Life Technologies, Carlsbad, CA, USA). Only cells containing XL-TOPO vector with the insert were competent to grow with kanamycin. Plasmids were extracted from the positive colonies and screened directly by sequencing, using the vector T7 primers and the 96-capillary 3730xl DNA analyzer (Applied Biosystems, Foster City, CA, USA).
Clone sequences were analyzed by FASTA screening to determine their similarity to known sequences in the DNA database (http:// ddbj. nig.ac.jp). The recovered sequences were aligned using Clustal Omega software (http://www.ebi.ac.uk/Tools/msa/clustalo/). Grouping of sequences into phylotypes was carried out, based on genetic distances, using the MOTHUR software package [21] , where the sequences that had > 97% nucleotide identity, over the region compared, were collected into a single phylotype group (Tables 1 and 2 ).
Rarefaction analyses, in the MOTHUR software package, were carried out to visualize the extent to which the richness of the rRNA gene phylotypes was represented in the gut content samples.
Phylogenetic trees were constructed through two bioinformatics processes. In the first process, the nucleotide sequences of the recovered rRNA gene phylotypes and their homologues sequences, from the DNA database, were aligned, using the online program "Clustal Omega". In the second process, the aligned sequences were submitted to the MEGA software, V. 6.0.6, http://www.megasoftware.net/, for drawing the phylogenetic trees. Consensus phylogenetic trees were constructed by applying the three algorithms, maximum parsimony, maximum likelihood, and neighbor joining, in the same MEGA software. The current rRNA gene sequences were registered at DNA database under accession numbers listed in Tables 1 and 2 .
Results and Discussion

Capacity of eukaryotic and prokaryotic rRNA gene phylotypes in the gut contents of adults and fingerlings
PCR amplifications could detect eukaryotic 18S rRNA gene, and bacterial 16S rRNA gene, with amplicon sizes ∼1800 bp, and ∼1500 bp, respectively, in the gut contents of both adults and fingerlings. On the other hand, the current archaeal primers could amplify the archaeal 16S rRNA gene from gut contents of only adults. Generally, archaea have been recorded in the guts of adult fishes, as natural fermenters of indigested food remnants, while fingerlings have incomplete gut, and consequently, may lack the favorite conditions for growth of archaea [22] . Other possibility for negative detection of archaea in fingerling guts may refer to the efficiency of the current primers. However, those primers could amplify archaeal 16S rRNA gene, in the form of different phylotypes, from gut contents of the adults (Table 1) . Archaeal 16S rRNA gene has not been detected in the guts of zebraperch [11] .
The eukaryote 18S rRNA gene phylotype groups 2 and 7, beside the archaeal 16S rRNA gene phylotype group 5, contained 4 to 5 phylotypes within each group, sharing nucleotide identities, 97% -99% (Table 1) . These sequence variations between recorded phylotypes within the single group (Tables 1 and 2 ) may indicate that the possibility of bias in PCR amplifications was minimized. This is because the PCR was tested on the bulk DNA extracted from gut contents by a) increasing the annealing temperature of 0.5°C every 10 PCR cycles, and b) doing PCR using number of cycles ranged from 26 to 30 cycles, and the amplicons were combined for cloning [23] . Hence, the PCR could screen as much as possible of the actual composition of rRNA gene variants in the fish gut contents, as presented in this work.
Previous studies have focused on counting of macroscopic eukaryotic species in the gut of M. cephalus [2, 5, 24] . Compared with other studies, the present molecular study could detect eukaryotic phylotypes in the level of strains, representing by phylotypes sharing 18S rRNA gene nucleotide identities > 97%, which cannot be detected by macroscopic analyses.
The saturation of rarefaction curves indicated that the sampled sequences could cover the actual composition of rRNA gene phylotypes in the gut contents of both of adults and fingerlings ( Figure   1 ). The rarefaction analyses recorded 11 and 6 phylotype groups of eukaryote 18S rRNA gene in the gut contents of adults and fingerlings, respectively (Figures 1a and 1b ). The bacterial 16S rRNA gene pool was represented by 18 and 11 phylotype groups in the gut contents of adults and fingerlings, respectively (Figures 1c and 1d ). Fluctuation in bacterial composition, between three to five species, has been recorded in the alimentary tract of grey mullets living in freshwater and marine, respectively [25] . Eight bacterial species have been recorded in the intestinal tract of M. cephalus, west coast of India [26] . However, variation between current gut bacterial composition and those of previous studies may depend on sampling environment and the method of gut examination. However, the current work represented the first examination of bacterial composition in mullet guts based on culture-independent 16S rRNA gene analyses. Generally, compositions of bacterial 16S rRNA gene phylotypes have been varying in the gut contents of 12 bony fishes and 3 sharks, ranging from 7 to 60 phylotypes in each fish species [27] .
Archaeal 16S rRNA gene was represented by 13 phylotype groups in the adult gut contents (Figure 1e ). Generally, studies on diversity of archaea in fish guts are very limited, comparing with higher animals. The current archaeal 16S rRNA gene composition represented the largest diversity of archaeal phylotypes recorded in fish guts. Due to knowledge limitation, additional phylogenetic surveys must be done to explore the diversity of uncultured archaea in fish guts. 7-EukAdul, and 8-EukAdul, formed unique phylogenetic lineages in the branches of the genera Brachionus and Apocyclops, respectively ( Figure 2 ). DNA sequencing studies have revealed B. plicatilis to be a cryptic species complex, comprising approximately of 15 known separate species, each of which has been diverged for several million years [30] . However, these current unique phylotypes may represent new discovered species.
A unique cluster was formed by the phylotypes 19-, 20-and 21-EukAdul in the branch of fishes and showed an average nucleotide identity percentage of 97.77% with the genera Sarpa, Epinephelus and Auxis. The similarity between current phylotypes and those of common Mediterranean fishes may implicate that larvae and fries of these fishes are target preys for the studied M. cephalus. However, fish larvae have been recorded in the guts of stripped mullets [2, 24, 31] . These observations may indicate the abundance of zooplankton-like 
Brachionus and Apocyclops phylotypes represented the dominant eukaryotes in the guts of both adults and fingerlings, while the diatom Cyclotella and fish-like phylotypes were recorded in the guts of adults
The eukaryotic 18S rRNA gene phylotypes were distributed in the branches of 6 phylogenetic taxa ( Figure 2 ). We have recorded 7 and 4 phylotypes, in gut contents of adults and fingerlings, respectively, forming monophyletic and paraphyletic clades with species Brachionus calyciflorus and B. plicatilis (Figure 2) [28, 29] . The cluster of the genus Apocyclops harbored three phylotypes, from adult gut contents and a single phylotype from those of fingerlings ( Figure 2 ). Copepods have represented 10.24 % of natural total diet components of M. cephalus in cross river estuary, Nigeria [2] . Other phylotypes, 1-EukFinL, 5-EukAdul, 6-EukAdul, a cluster consisting of four phylotypes, 1-, 2-, 3-EukAdul, and 3-EukFinL; beside the phylotypes 5-EukFinL, phylotypes in the gut contents of adults and fingerlings, an implication of occurrence of zooplanktivorus M. cephalus, as an opportunistic feeder. This concept was supported by the shifting of M. cephalus and Liza aurata, to zooplanktivorus, depending on abundance of zooplankton, in Spanish Mediterranean lakes [32] .
Adult gut contents contained 6 phylotypes in the branch of algae, 5 phylotypes in the phylogenetic cluster of Cyclotella menegheniana, Bacillariophyceae, and a single phylotype, which formed a monophyletic clade with Scenedesmus sp., Chlorophyceae (Figure 2 ) [33] . Bacillariophyceae and copepod species have been recorded in the guts of adults and juveniles of M. cephalus at Indian estuaries, implicating favorable global food targets of mullets [5, 7] . A strict congruence of nuclear rDNA has revealed the presence of eight genetically distinct lineages of C. meneghiniana [34] . On the other hand, there are 74 taxonomically accepted species of Scenedesmus [35] . The current phylotypes in the cluster of Cyclotella had an average nucleotide identity percentage of 94.5% with C. meneghiniana, implicating new phylogenetic species, eaten by mullets. On the other hand, empty stomachs have been recorded in M. cephalus at specific periods, Kayamkulam estuary, India [7] .
Cyanobacteria-and proteobacteria-like phylotypes dominated in the gut contents of adults, while fingerling guts were characterized by the dominance of phylotypes in the phylum of Bacteroidetes
The bacterial 16S rRNA gene phylotypes were located in the branches of 12 phylogenetic taxa (Figure 3 ). Some of these taxa were represented by phylotypes in the gut contents of both adults and fingerlings, while others were specific to guts of each of fish life stages. Four phylotypes from adult gut contents and a single phylotype from those of fingerlings were distributed in the cluster of uncultured cyanobacteria (Figure 3 ). The abundance of cyanobacteria, observed here and in other fish guts, was possibly supported by their role as fish's major food source [13] . Of the adult gut content representative sequences, proteobacteria-like phylotypes were abundant (Figure 3) . Four phylotypes were located in the branch of gammaproteobacteria and rooted with the genera, Vibrio and Enterobacter, beside uncultured gammaproteobacteria. The phylotypes 6-BacAdul, 3-BacFinL and 13-BacFinL formed phylogenetic clades with uncultured deltaproteobacteria. Studies of gut bacterial communities of fish from different genera, trophic levels and habitats have revealed that most of fish gut bacteria are from proteobacterial taxa [10, 36] . The gut contents of adults and fingerlings contained firmicutes-like phylotypes. The phylotypes, 2-and 3-BacAdul, were linked with uncultured Geobacillus sp., while phylotypes, 4-and 9-BacFinL were rooted with Clostridium sp. (Figure 3 ). On the other hand, adult gut contents were characterized by harboring uncultured planctomycetales-, chloroflexi-, acidobacteriaand fusobacteria-like phylotypes.
The gut contents of fingerlings were characterized by the dominance of bacteroidetes-like phylotypes, which were rooted with the genus Chryseobacterium and uncultured bacteroidete (Figure 3 ). Other phylotypes, 7-BacFinl, 8-BacFinL and 10-BacFinL were located in the clusters of alphaproteobacteria, chlamydiae, and uncultured candidate bacteria, respectively, taxa, which were not recorded in the gut contents of adults. Recent sequence-based approaches have shown that fish gut microbial communities much more closely resemble to those of mammals than environmental microbial communities [36] , especially in the prevalence of proteobacteria, firmicutes and bacteroidetes [13] . These findings may indicate that fishes, like other vertebrates, harbor specialized gastrointestinal communities.
First record of thaumarchaeote-like phylotypes in the fish gut contents
The composition of archaeal 16S rRNA gene pool of adult gut contents was characterized by the occurrence of 6 phylotypes, which were distributed in the cluster of thaumarchaeota ( Figure  4) . The phylotypes 8-, 9-ArcAdul; and 5-and 15-ArcAdul formed monophyletic clades, while the phylotype 14-ArcAdul showed a single phylogenetic lineage in the branch of thaumarchaeota ( Figure  4 ). Thaumarchaeota or thaumarchaea are a deep-branching phylum of archaea, proposed in 2008 [37] . There are about 6405 nucleotide sequences have been recorded for marine uncultured thaumarchaeota 16S rRNA gene, a limited sequence records, compared with other well-known archaeal phyla. The phylogeny and ecological role of thaumarchaeota are still incompletely understood, with respect of ammonia oxidation. The current thaumarchaeota-like phylotypes supported the concept that this phylum is widely distributed, not only in marine sediment, but also in fish guts [38] , implicating a biological contribution in fish metabolism.
Other archaeal rRNA gene phylotypes were located in the clusters of uncultured euryarchaeota and crenarchaeota. Only a single euryarchaeota-like phylotype has been recorded in the gut of M. cephalus, from the North Sea, and showed an average nucleotide identity percentage, 70%, with the current euryarchaeota-like phylotypes (Figure 4) [39] . This observation may indicate that the guts of M. cephalus can harbor a diverse of euryarchaeotes. Five phylotypes formed phylogenetic clades with uncultured crenarchaeotes from different marine sediments, an implication for ingestion of variable crenarchaeote-containing sediments by the fish.
M. cephalus gut communities were shaped by varieties of biogeographic distant species
The phylotypes 4-EukAdul was rooted with euryhaline B. plicatilis, while the phylotype 12-EukAdul formed monophyletic clade with freshwater B. calyciflorus (Figure 2 ). The phylotypes, 15-EukAdul and 18-EukAdul, were belonged to freshwater C. menegheniana and Scenedesmus sp., respectively (Figure 2 ). In addition, the phylotypes 19-, 20-and 21-EukAdul had marine fish origins. In the term of gut bacterial composition, the cyanobacteria-like phylotypes were located in the cluster, which included uncultured cyanobacteria from freshwater hypertrophic lake (acc.no. FJ820422) and seawater (acc.no. HM057788) ( Figure 3 ). These observations implicate that the studied fish fed on preys, which came from different geographic habitats, and consequently, showing flexibility in the mode of feeding.
The studied fish guts harbored phylotypes, which may be considered as Lessepsian species. The phylotypes 5-, 8-, 9-, 14-, and 15-ArcAdul had nucleotide identity percentages, from 99.2% to 99.8%, with those from Red sea brine pools (Figure 4 ) [40] . Ashtum El-Gamil estuary is located at 7 Km west of the Mediterranean gate of Suez Canal, which connects Red Sea with Mediterranean, and may facilitate the migration of these thaumarchaeotes through water current to inhabit this estuary. However, further studies must be done to evaluate this idea.
Guts of adults and fingerlings shared microbiota
Some phylotypes from guts of both adults and fingerlings were considered belonging to the same phylogenetic taxon. The phylotypes 3-EukAdul had nucleotide identity percentage of 99.22% with 3-EukFinL and both formed monophyletic clade within the phylogenetic branch of rotifers ( Figure 2 ). The same case was observed with the phylotypes 12-EukAdul, 2-EukFinL and 4-EukFinL, which linked together with B. calyciflorus in a single phylogenetic cluster. Moreover, the cluster, which harbored A. procerus showed the close phylogenetic relationship among the phylotypes 9-, 10-, 11-EukAdul and 6-EukFinL. These observations may indicate that both of adults and fingerlings prefer these prey species for their growth and health.
On the other hand, single species of deltaproteobacteria was expected to be existed in both of adult and fingerling gut contents, representing by the phylotypes 6-BacAdul and 13-BacFinL (Figure 3 ). Deltaproteobacteria play an important role in food fermentation within guts of animals through reduction of sulfate into hydrogen sulfide gas, suggesting core microbial communities [41] .
Gut bacteria and health of fish
The guts of adults and fingerlings harbored phylotypes, which were homologues to various bacteria, which may affect the health of fish. The phylotypes 14-BacAdul and 5-BacFinL were homologues to Enterobacter sp. (Figure 3) , which infects the kidneys of M. cephalus, leading to mortality [42] . On the other hand, the phylotype 9-BacFinL showed nucleotide identity percentage, 98.23 %, with Clostridium in the same phylogenetic clade (Figure 3) . A species of Clostridium was isolated from the gut of mullet by [43] and was found to be responsible for degradation of alginate in the intestinal tract of the fish. The phylotype 8-BacFinL formed monophyletic clade with the Neochlamydia hartmannellae, an endoparasite of amoeba [44] .
Current fish guts were reservoirs for water pollution-related bacteria. The phylotypes 15-BacAdul, 12-BacFinL, 4-BacAdul and 10-BacFinL had an average nucleotide identity percentage, 98.3%, with uncultured cyanobacteria (acc. nos. FJ820422, HM153623), uncultured chloroflexi (acc. nos.JQ516350, DQ351765) and uncultured candidate bacterium (acc.no.DQ200467) respectively, (Figure 3 ), which came from hypertrophic, hydrocarbon and heavy metals polluted habitats [45] [46] [47] . In the phylogenetic branch of bacteroidetes, the phylotypes 1-, 2-and 11-BacFinL had an average nucleotide identity percentage, 99.89%, with uncultured pyrene-degrading bacterium from heavy hydrocarbon contaminated soil [48] . The phylotypes 8-BacAdul and 11-BacAdul were related to uncultured gammaproteobacterium and acidobacterium, respectively, from oil hydrocarbon polluted environments [49] . Ashtum El-Gamil estuary undergoes pollution with oil wastes of dredging tools, which used for continuous cleaning of the estuary, beside sewage water, which comes from some of the lake drains through tide and hide between the lake and sea. These anthropogenic activities may favor the eutrophication and blooming of pollution-related bacteria, which may be taken by the fish through water current.
Conclusion
This study presented a complete profile for phylogenetic diversity of gut microbiome of two life stages, adult and fingerlings, of M. cephalus, at a Mediterranean estuary. The study was based on culture-independent ssrRNA gene analyses. The study recorded 21 phylotypes of eukaryote 18S rRNA gene, 18 phylotypes of bacterial 16S rRNA gene and 17 archaeal 16S rRNA gene phylotypes, in the guts of adults. The guts of fingerlings harbored 7 and 13 eukaryote 18S rRNA gene phylotypes and bacterial 16S rRNA gene phylotypes, respectively. Phylogenetic analyses uncover zooplankton-like phylotypes as a dominant eukaryote fraction in the guts of both adults and fingerlings. Proteobacteria and cyanobacteria-like 16S rRNA gene phylotypes were dominated in the guts of adults. The bacteroidetes-like phylotypes characterized the guts of fingerlings. The guts of adults harboured archaeal-like phylotypes in the branch of thaumarchaeota, a phenomenon that has not been recorded before and gave us an evidence for the dissemination of this phylum in the guts of fishes. The studied fish guts may considered as a reservoir for geographic distant species, including Lessepsian species, with respect to some core gut microbiota. Also, the pollution in the estuary could shape a fraction of the studied fish gut microbiota. Future studies are needed to understand the biological significance of all recorded gut microbiota, especially those of belonging to thaumarchaeotes.
